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SUMMARY

" N eIy AT

The goal of an engineered operating cycle (EOC) program is to effect 1

: an early improvement in the material condition of ships at an acceptable

n " cost, while maintaining or increasing their operational availability during

- an extended operating cycle., In support of this goal, system engineering

analyases (SEAs) ace being conducted for various ship classes on selected

X - - mission-critical systems and subsystems that have historically exhibited

3 relatively high maintenance burdens. This report documents the SEA for the
- Firemain, Flushing, and Washdown System installed on LHA~1l and LPH-2 Class

ships.

) ) The SEA is an analysis of the impact of historical preventive and cor-
] . rective maintenance requirements that affect operational performance and
: maintenance programs of a ship system and the significance of these require-
g ments to an EOC program., The report documents a recommended system mainte-
: nance gtrategy and specific maintenance actionsg best suited to meeting EOC
goals.,

- ; This report was developed for PERA (ASC) under Delivery Order FJ07 of
i Navy Contract MN0O0l89-81~D-0126,

1 . The major findings and conclusions of the SEA for LHA-1 and LPH-2
g | Class Firemain, Flushing, and Washdown System are summarized as follows:

Vf * Most repairs to the equipments of the Firemain, Flushing, and
- ] wWashdown System can be accomplished by ship's force personnel
s with occasional IMA assistance,

i
;' * Unequal use of the firepumps and their drivers is relevant to
i i the maintenance burden associated with individual firepumps.

* Ship's force and IMAs are capable of accomplishing most major

repaire to the firepumps, motors, and steam turbines. Depot=-
! level assistance is normally requested for turbines when a 1
9 [ class B overhaul is required because of the depot's special
1 facilities and more experienced personnel.

Time-directed cluss B overhaul of the firepumps and drivers
during regular shipyard overhaul is not a practical maintenance
strategy.

o o St et + 4




b * Either class C repairs or class B overhaul should be performed dur-
L ' ing ROH on the firepumps, motors, and steam turbines, as determined
to be necessary by POT&I results, CSMP, or MCA inapection.

* An "on condition" maintenance strategy is most appropriate for the
firepumps and their drivers.

* It would be advantageous to change the pericdicity of the annual or
cyclic PMS open-and-inspect task to a situational requirement for
the firepumps.
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With only minor changes, the PMS requirements for the Firemain,
Flushing, and Washdown System are adaquate.

T T RS ST

TR e S ET R T e e e

bl e s T i i i

vi




J
!
H
. CONTENTS
j Page

SUMMARY L] . » L] - . L] . . . . . L] * * L3 . . . . L] L[] . L] L] . . . L] L] v
i CHAPTER ONE: INTRODUCTION  « « « o « o « o o s o o o s v v o o o o 1=l

1.1 Background .« & 4 s 4 4 0 6 s v s s e e e e e e 1-1 ;

. 102 SCOpe R T T 'Y ¢ & & & 8 . O T T ) » e 8 8 & & 6 & s 1-1 !
o 1.3 Report Format « . « v v ¢ ¢ v v 4 s s 4 0 40 4w a e e s 1-2 b

CHAPTER mo 1 APPROACH L O L T e O T S Y R T T Y T S R 2-1

2.1 OVOArviBW . v ¢ v v 6 e v a s e e e e e e e e e e e s 2
2.2 Task 1l: Compile Data and Prepare Maintenance '
History Profile « ¢ « v v v v 4 o & v & o s v o s & o a2

) 2.2.1 Collect Data . + + v o + ¢ ¢ o 4 & & & ¢ % 4 4 4 s
2.2,2 Define System Configuration . + + « + + + & o o
2,2,3 Prepare Maintenance History Profile . . . . . . .

§
—

] [
'—l

2,3 Task 2: RAnalyze Problems and Causes . . « . &+ « 4 o &

2.3.1 Analyze Data to Define Problems . « . +« « + &« o
; j 2.3.2 Define Cauleﬂ LI T R L T T S
r ! 2.3.3 Summarize Problems and Causes . . « &+ + v s o o &

; 2,4 Task 3: Analyze Solutions to Problems . . . . . ¢ « . .

PO N NL}B.) N RN N
Bd W W N DN

PN Py="r S

r1 - 2L LA

4 !
L | 2.4.1 DAnalyze Existing Solutions . . + + « v 4 o 6 o & » -
L 2.4.2 Analyze Potential Maintenance Strategies , . . . . -
g_ ) 2.4.3 Analyze Potential Sclutions to Integrated ;
v 3 Logiptics Support (ILS) Problems . . « + « + &+ + o 2-5 i
ﬁ 2.4.4 Select Effective Solutions . « « + « « + 4 & o« & 4 2-5 i
X )
E' i 2.5 Task 41 Document SEA Results . . « « + & v ¢ v & o & o 2-5 2
} CHAPTER THREE! RESULTS & ¢ ¢ & & o o ¢ o o 5 o o s o s o s 3 & o 3"‘1 J;
o !
3 I 3,1 System Boundaries and Description . . . . « . « « « o+ 4 3-1 ]
, ; 3.2 Maintenance Requirement Identification . . . . . . « . . 3-2 i
3.2.1 Firepumps PR T S S T S S L L I R ) -6 j
i' 3.2,2 Pirepump Motors . + « ¢ ¢ ¢ v s ¢ s+ ¢ 5 0 & v s s 3-12 |
3.2.3 Pirepump Turbines . . . « « v ¢ + 4 4 « ¢ ¢ « o 3-16 .
3!204 Valves @ v s s e+ & 8 ¥ & e s+ 8 8 B 8 6 & v v e » 3-21 !:
y § | 3.3 Countermeagure Washdown System {(WDS) . . « + « o » » » » 3=23 i
: i vii
i
.

PRI Sy 9 ) M+ Y 5 P B LTINS R O . b s ‘M..J‘




.‘ ‘ i'
@g ! J'

i 1
CONTENTS k'

r-|,,_.~
L i g

Page 3
CHAPTER FOUR: CONCLUSIONS AND RECOMMENDATIONS + + + ¢ o « 4 o+ 1+ o 4-1 ! ?

4:1 ConCluSions I R e L T R e S T T S S T T S T ) 4"'1.
4-2 Recomendations L T T S T L T R S R Y S S 4"1

[y [
LH”.Y s |

APPENDIX A: SYSTEM BOUNDARIES FOR FIREMAIN, FLUSHING,
AND WASHDOWN SYSTEM . . « + + « + o L T Y S S T S Y A=l

| PR ]

APPENDIX B: INSTALLATION CONFIGURATION OF FIREMAIN AND
FLUSHING SYSTEM FOR LHA-1 AND LPH-2 CLASS

?. SHIPS + v v v v v v e e e e e e e e e e e B-1 o
g? éwlk

APPENDIX C: SUMMARY OF CASREP INFORMATION FOR FIREMAIN

AND FLUSHING SYSTEM + « « 4 o v 4 o 4 0 s o s o o o o c-1 r

3 ' APPENDIX D: APPLICABLE MAINTENANCE INDEX PAGES . . + . . . . . D-1 13
f. APPENDIX E: CORROSION-CONTROL TECHNIQUES .+ « « 4 « + o o « 4 o & E-1 i }f
; -

i APPENDIX F: SOURCES OF INFORMATION . « « 4 o o + 3 5 & o « o & @ F-1

: i"
ot
3 .
] ]
-';% 8
lﬁ [

: !
viii i

]
@l




CHAPTER ONB

INTRODUCTION

1.1 BACKGROUND

System engineering analyses (SEAs) are being conducted on selected
systems and subsystems of designated ships of the Amphibious Porce in
support of an engineered oparating cycle (EOC) program. The SEA is an
analysis of the impact of historical preventive and corrective maintenance
requirementa that affect the operational performance and maintenance pro-
grams of a ship system. It serves as a vehicle for assessing the signifi-
cance of these maintenance requirements to an EOC program. The objective
of a SEA is to define and document a maintenance program that will prevent
or minimize the need for unscheduled maintenance, while improving material
condition and malntaining o: ilncreasing system availability throughout
an engineered operating cycle.

1.2 SCOPE

The analysis documented herein is specifically applicable to the FPire-
main, Flushing, and Washdown S8ystem -=- ship's work authorization boundary
(SWAB) groups 521-1, 521-2, and 523-1 -~ inatalled on LHA-1 and LPH-2
Class ships. The analysis considers only the systems and equipments in-
stalled and the documentation effective as of 22 April 1981. This system
was selected for analysis by PERA (ASC) on the basis of its mission oriti-
cality and historical maintenance burden.

The analysis used all available documented data sources from which
system maintenance reguirements could be identified and studied. These
included the maintenance data system (MDS), casualty reports (CASREPs),
planned maintenance system (PMS) requirements, ship alteration and repair
packages (SARPs), system alteration information, system technical manuals,
ship corrosion~-control manuals, and Engineered Operating Cycle (BOC) system
maintenance analyses (SMAs) previously conducted for functionally similar
systems and equipments installed on EOC program ships. BSources of undocu=
mented data used in this analysis included discussions with ships' operating
personnel and cognizant Navy technical personnel.

1-1
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1.3 REPORT FORMAT

The following chapters describe the analysis approach (Chapter Two),
present the significant system maintenance experience and essential mainte-
nance requirements {Chapter Three), and summarize the conclusions and
tecommendations derived from the analysis (Chapter Pour). Appendix A
defines the systen boundaries used in conducting this analysis, and Appendix
B lists the specific components that constitute the Piremaln and Flushing
System as installed on individual ships of the ship classes under study.
Appendix C is a summary of CASREP information for the Firemain and Flushing
System. Appendix D lists the applicable MIPs reviewed. Appendix E lists
approved corrosion control techniques applicable to the system., Appeandix
P lists all sources of information used in the analysis.
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CHAPTER TWO

APPROACH

2.1 OVERVIEW

This chapter describes the approach followed in performing the SEA
for the Piremain, Flushing, and Washdown System inatalled on LHA-1 and
LPH-2 Class ships. The systems were selected for analysis by PERA (ASC)
on the basis of its mission coriticality and histerical maintenance burden.
Data from sources mentioned in Section 1.2 were usad to identify, define,
and analyze maintenance requirements that will significantly affect the
system's operational availability and material condition. A recommended
maintenance strateqgy and ilmplementation procedures were formulated on the
basis of the analysis results. The major ateps of the analysis were as
follows:

+ Task 1l: Compile data and prepare maintenance history profile
+ Task 2: Analyze problems and causes

+ Task 3: Analyze solutions to problems
« Task 4t Document SEA results

The following sections briefly describe each of the major taaks.

2,2 TASK 1t COMPILE DATA AND PREPARE MAINTENANCE HIf sORY PROFILE

During Task 1, the configuration, boundaries, and functions of the
system weres defined; maintenance, engineering, and operating data were
collected; and the maintenance history profile was prepared, dessribing
the corrective maintenance historically performed. These items provided
basic reference data for the remaining SEA taaks.

2.2.1 Collect Data

The analysis began witli the collection of data on the hiatorical mainte-
nance requirements of each system. The resulting data file consisted of
four key elements: an MDE data bank, a CASREP narrative summary, a current
equipment configuration summary, and a summary of historical maintenance
requirements. A library was also assembled from appropriate technical

2-1
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manuals, PMS requirements, SARPs, and copies of previously completed analy-
ses of functionally similar equipments inatalled on EOC program ships.

The MDS data bank was compiled by examining all MDS data reported
from May 1976 through June 1981 for Hulls LHA-1 through LHA-5, and 1 January
1971 through March 1981 for Hulls LPH-2, LPH-3, LPH-7, LPH-9, LPH-10, LPH~
11, and LPH-12 (a total of 12 ships),

CASREP information was obtained by reviewing the CASREPs reported
on each ship's system during the period of 1 January 1976 through 22 Apri)
1981 for LHA-l Class ships and 1 January 1978 through 22 April 1981 for
LPH-2 Class ships. CASREPs resulting from parts cannibalization of equip«
ments by other ships were not considered.

2.2.2 Define System Configuration

Configuration information was obtained by reviewing available common
configuration class lists (CCCLe), the type commander's coordinated ship-
board allowance lists (COSALs), shipalt records, and MDS data. Telephone
calls to specific ships and cognizant technical parsonnel, as nacessary,
confirmed system configuration.

2,2.3 Prepare Maintenance History Profile

The maintenance history profile was prepared from analysis of MDS
and CASREP data and review of applicable PM8 documentation and SARPs.
The maintenance history profile is a working technical package describing
the types of corrective and restorative maintenance historically performed
on the system, the level of maintenance typically required to perform the
work, an estimate of the man-hours required, and the approximate inter-
vals at which these maintenance actiuns can be anticipated.

2.3 TASK 2: ANALYZE PROBLEMS AND CAUSES

In Task 2 the data summarized on the maintenance history profile forms
were analyzed, together with the available engineering data, to identify
maintenance, support, and design problems and their associated causes,

The problems and their causes were confirmed and data related to additional
problems were uncovered through discusasion with ships' forces and Navy
technical personnel when possible,

2,3.1 Analyze Data to Define Problems

Recurring maintenance requirements affecting the availability and
material condition of the equipments constituting the system were identi-
fied by screening the maintenance history profiles developed in Task 1.
Screening of the maintenance histor'’ profiles had two major objectives:

+ ldentification of recurring failure modes or problems that require
IMA, depot, or other off-ship assistance for correction and are

p e L
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common to all engineering designs of the functionally similar equip~
ments installed on the ship classes examined.

+ Ildentification of recurring failure modes or problems that are
either unique to or primarily associated with a particular equip-
ment eugineering design installed on a limited number of hulls,

Once the problems were identified, the previously completed EOC program
SMAs for functionally similar equipments were reviewed to determine whether
the same or similar problems had been praviously identified on other ship

classes. If such was the case, the need for additional detailed analysis
was minimized.

2.3.2 Define Causes

Although it is presented as a separate subtask, the definition of
problem causes was a continuing process that occurred concurrently with

the definition of the problems. Concurrent effort was required for the
following reasons:

» Problem causes were sometimes stated in the histo:icullmaintennncc
data.

* Causes or possible causes of problems were identified during discus-
sions with Navy technical personnel or ships' fcoroes.

+ Problem causes had previously been identified by analysis of iden-
tica) or functionally similar systems installed on other ship classes.

e e

im

In general, the causes were grouped into three categories: maintenance
strategy, design, and support.

2.,3,3 Bummarize Problems and Causes
The problems identified and the causes defined in Task 2 were summa-

rized and carried forward to Task 3 for development of specific solutions.
The summary descriptions included the following data:

*+ A statement of the problem and the most probable cause

« A summary of the pertinent maintenance history and engineering
data, including man-hours, number of actions, and level of repair

* Other information affecting the problem, such as redesign work

in procvess, applicable alterations, or the effects of maintenance 1
availabilities

S et e

s

2.4 TASK 3t ANALYZE SOLUTIONS TO PROBLEMS

In Task 3 the problems identified in Task 2 were analyzed s0 that ?
a recommendation could be made regarding a maintenance strategy, a support '

strategy, design changes for the associated equipments, or aquipment that
should be replacea.
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2.4.1 Analyze Existing Sclutions

The analysis of existing design solutions that might be applicable
to the two ship classes under study had two basic objectlives. The first
was to determine whether the problem was known to the Navy technical commu=-
nity and whether or not a solution had been proposed or defined. To do
80, currently authorized shipalts affecting the system or equipment under
study were reviewed and, if neceasary, interviews were conducted with Navy
technical personnel. Where possible, the effectiveness of installed shipalts
was asseased,

The second nbjective was to determine if the specific problem existed
in other ship classes and, if it did, whether a solution had been defined
and whether it was applicable to che problem associated with the ship classes
under study. To muet this objective, previously completed analyses of
functionally similar equipments installed on other ship classes were reviewed,
and the various problems found were evaluated for similarity. If the problems
were determined to be similar to those identified in this analysis, the
previously developed solutions were assossed for applicability to the par-
ticular equipments installed on the saips under study. If Zound to be
applicable, they were adopted and documented as recommendations in this
report without further detalled analysis.

2.4.2 Analyze Potential Maintenance Strategies

Previously developed maintenance atrategies for functionally similar
equipments installed on other ship classes were reviawed for their applica-
bility to equipment installations on the ships under study. If shown to
be applicable by this analysis, they were adopted and recommended for imple-
mentation on these clagses of ship,

Where previously identified maintenance strategies 4id not apply to
the ship classes under study, maintenance strategies that could possibly
apply were analyzed by using reliability-centered maintenance (RCM) logic.
This approach used the information develouped during previous tasks to answer
a series of aimple yes-no questions, which led to specific decisions concern-~
ing the suitability of scheduling maintenance tasks. Three types of mainte-
nance tasks could result from the decision process:

+ On=-condition task ~ Inspect equipment operation to detect either
experienced or impending failures

+ 8Scheduled rework task - Rework an item before an established maxi-
mum age or operating interval is exceeded

* fBcheduled discard task - Discard an item before an established
maximum age or operating interval is exceeded

The results of this process led to the davelopment of the maintenance strate-
gles recommended for the systems and equipments under study for which pre-
viously developed maintenance strategies were inadequate.

2-4
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2.4.3 Analyse Potential Solutions to Integrated Logistics Support (ILS)

Problems

Analysis of possible improvements to the ILS of the systems and equip~-
ments under study was limited to only those systems or eguipments having
maintenance history profiles that indicated the presence of such problems.
Such problems are typically identified during raview of MDS or CASKEP date.
Excessive downtime awaiting parts and the lack of authorized on-board spares
as raported in CASREPs indicated the existence of ILB problems. MDS narra-
tives wero also used to identify ILS problems, since the deferral codes
frequently indicated that a particular maintenance action was deferred
for lack of spare parts, technical documentaticn, or training or experience
on the aquipment., Where ILS problems were identified, previously completed
analyses of functionally similar aystems or equipments ware reviewed to
Astermine if similar ILS problems had been identified. If they had, and
if satisfactory solutions had been defined and recommended, those solutions
were adopted and documented as recommendations in this report without further
detailed analysis. Otherwise, further analysis was conducted to define
an appropriate solution.

Bach 1L8 problem was assessed in terms of its significance and the
feasibility of successfully implementing a cost-effective solution. Only
those solutions judged to be essential and cost-effective wera recommended,

2.4.4 Selact Effective Solutions

An effective solution was selected by the analyst on the basis of
its merit or essentiality with respect to its projected cost and risk,
All candidate solutions, whether resulting from this analysis or from pre-
viously conducted analyses of functionally similar equipments, that were
judged to improve personnel safety or primary mission reliability were
assessed on the basis of projected cost and feasibility. If these candidate
solutions were not clearly feasible, or if their value, in terms of reduced
maintenance burden or improved equipment reliability, was not significant,
they were not recommended for implementation.

2.5 TASK 4: DOCUMENT S8EA RESULTS

The Task 4 approach was to present the analysis results in a concise,
logical format that included an introduction to the BEA objectives, a summary
of the technical approach used, a presentation of the analysis results,
and a section listing the specific conclusions and recommendations resulting
from the analysis. Appendixes were included as necessary to show pertinent
data affecting the system, including a table defining the configurations
by allowance parts list (APL) number for each LHA-1 and LPH-2 Class hull
ingluded in the analysis.
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CHAPTER THREE

RESULTS

3.1 SYSTEM BOUNDARIES AND DESCRIPTION

The Firemain, Flushing, and Washdown System diascussed in this report,
hereinaftar referred to simply as the firemain system (FMS), is composed of
various equipments included within SWAB groups S521-1, 521-21, and 523-1.

All of the major equipments (listed in Appendix A) were examined to identify
maintenance requiremeonts. The major components examined and discussed in
this report include firepumps and firepump drivers (electric motors and the
psteam turbines)., The components are listed by APL in Appendix B, Firemain
gystem valves are also discussed in this report in terms of their aggraegate
contribution to the FMS maintenance burden. The valve maintenance burden

is significant only in terms of the combined burden for all FMS valves;

tharefore, individual valve configurations by APL number are not included
in Appendix B.

The FMS proper includes piping and valves from the inboard flange of
sea valves to firepump suction flanges); the firepumps, firepump drivers,
and assoclated components; and all piping and valves from the firepump dis-
charge flange to the root valves in the service branches. 'The washdown part
of the system includes piping, valves, fittings, and associated components
from the firemain root cutout valves to the spray nozzles. This analysis
focuses on the firepumps, their drivers, and the system valves =-- the only
equipments which represented any significant maintenance burden and for
which mainterance requirements were identitfied.

The primary purpose of the FMS is to provide sea water throughout the
ship for safety and fire protection. The FMS also plays a major part in
supplying other auxiliary systems throughout the ship with sea water, pri-
marily for use in equipment cooling. The washdown system is arranged to
distribute sea water to weather surfaces in sufficient gquantities to pro-
duce runoff and removal of contaminated materials. The loss of the FMS
affects mobility, a primary mission area of Amphibious Class ships.

Fach ship of the LHA-1 Class has four 2,000~gallons~per-minute (GPM)
steam-turbine-driven firepumps and four 2,000-GPM elactric-motor-driven
firepumps. All eight firepumps are single-stage, horizontally mounted,
centrifugal, split-casing volute unita equipped with double-suction impellers
and external, grease-lubricated ball bearings. The pump is connected to its
driver by a flexible coupling.




Each ship of the LPH~2 Class has two 1,000=-GPM steam=turbine=driven
firepumps and six 1,000-GPM electrice-mctor-driven firepumps. All eight
firepumps are single-stage, horizontally mounted, centrifugal, split-casing
volute units eguipped with double-guction impellers and external, grease-
lubricated ball bearings. The pump is connected to its driver by a flex~
ible coupling. Table 3~1 provides the identification number, driver, and
location of the firepumps for each class.

rable 3-1, SUMMARY OF FIREPUMP IDENTIFICATION
AND LOCATION

é?gf; Nizggr Driver Location

LHA-1 1 Motor Forward Pump Room
2 Motor Forward Pump Room
3 Turbine | Forward Machinery Room
4 Turbine | Forward Machinery Room
5 Turbine | After Machinery Room
6 Turbine | After Machirery Room
i Motor After Pump Room
8 Motor After Pump Room

LPH-2 1 Motor Pump Room 1
2 Motor Pump Room 1
3 Turbine | Fire Room
4 Turbine | Fire Room
5 Motor Engine Room
6 Motor Engine Room
7 Motor Pump Room 2
8 Motor Pump Room 2

Review nf the MDS data and discussions with ship's force personnel
established that the firepumps experienced unequal use, for several reasons.
The first reason is that the firepumps are not all needed at one time.

While a ship is in port, one or two firepumps are usually on line; when the
ship is under way, two or three firepumps are usually on line. The combi-
nation of motor-driven firepumps and turbine~driven firepumps being used
varies depending on whether or not steam is available. The second reason

is that easily accessible firepumps -~ i.e., those located in main machinery
spaces versus those in pump rooms -~ are used more frequently than inacces-
sible ones.

3.2 MAINTENANCE REQUIREMENT IDENTIFICATION

The FMS maintenance burden data for selected equipments is presented
by equipmaent APL number in Table 3-2, The calculated burden ranges per
equipment per operating yeax were: firepumps, O to 112 man-hours; AC motors,
0 to 80 man-hours; and steam turbines, 8 to 89 man-~hours.

3-2
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The large differences in the average ﬁaintenance man-hours per equip-
ment per operating year among the various component types tend to indicate

that the maintenance needs of functionally similar components may be signi=

ficantly different. However, further examination of the MDS narratives at

the individual equipment level revealed that the maintenance experiences for

functionally similar equipments were in fact similar. The large apparant
differences observed in the maintenance burden data are explained by the
following:

* Significantly fewer maintenance actions were reported against the
LHA-]1 Class ships than against the LPH~=2 Class shipa. Because the
LHA-1 i8 a new ship class, much of the maintenance may have been
accomplished under warranty and therefore not reported.

¢+ Some unusual one-of-a-kind repairs with large man-hour expenditures

were reported.

¢+ The firepumps received disproportionate use. (Some pumps are used
continually, and some pumps are almost never run. The situation
varies from ship to ship.)

For simplicity of presentation, the analysis results and maintenance
requirements are discussed by component type. Within each component sub-
section, the discussion 1ls limited to faillure modes and significant main-
tenance actions that (l) are repetitive, (2) immediately or eventually
affect the equipment availlability if left uncorrected, and (3) msometimes
require ocutside agsistance to complete. Unspecified maintenance actions,
repaire judged to be "one time" repairs, and routine repairs =- always
completed by ship's force personnel in a relatively short period without
outside assistance -- were not evaluated in detail and are not discussed.

The available maintenance data for each component type wera examined
further for the following purposes:

* To identify the failure modes and significant maintenance raquire-
ments associated with the reported maintenance man-hours
* To determine the cause of each failure mode

* To determine an appropriate maintenance level for the correction
of each failure mode

* To identify the effect of each failure mode on equipment avail-
ability and its associated effect on miasion-critical areas

*  To develop alternatives that would increase equipment availability
and reduce corrective maintenance when warranted

The foullowing gections present the analyses performed for tie tire-
pumps, firepump motors, steam turbines, and selected valves of the firemain
system, together with resulting recommendations. The data are discussad
by functional component in general, and any differences in maintenance
experiences among ships, ship classes, or equipment manufacturers are
addressed separately.

3-5
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The significant component failure modes and maintenance requirements
are presented in a series of tables., All one-time failures and those fail-
ures whose cauges could not be identified from the available data are
excluded from the data tables. The tables include MDS maintenance actions
that have not been reported as completed. Therefore, the actual number of
outside~assistance maintenance actions and the total man-hour figures are
probably greater than the totals indicated in the tables. However, the
tables identify the types of failures and maintenance events that most often

require outside asals.ince to correct and the types that infrasquently require
cutside assiatance.

The major components of the FMS and their failure modes are discussed
in the following subsections.

3.2.1 Firepumps

Tuable 3~-2 showed {hat the maintenance man-hour burden associated with
the firepumps accounted for 21,274 man-hours, or approximately 37 percent
of the total (ship's force and IMA) man-hour burden reported against the
selected firemain system components. Further analysis of the firepump MDS
and CASREP data identified four significant, recurring types of fallures
and agsociated corrective maintenance events for avaluation: bearing
replacement; mechanical seal, packing, and shaft sleeve replacement; inter-
nal pump repairs; and complete pump overhaul, Table 3-3 gsummarizes those
maintenance actions (referred to as job control numbers [JCNs)), the numbers
of JCNs reporting IMA agsistance to ship's force, and the total wnan~hours

reported for the significant failure modes and associated maintenance actions
for the firepumps,

3.2.1.1 Mechanical Seal, Packing, and shaft Sleeve Replacement

Maintenancas actions on mechanical seals, packing, and shaft sleeves
accaunted for 40 of the 171 significant maintenance actions reported againat
the firepumps. The repair or replacement of mechanical seals, packing, and
shaft sleeves was a repetitive maintenance action and is expected to con-
tinue during future operating cycles.

Approximately 12 percent of the JCNs for the mechanical seals, paciing,
and shaft sleeves reported IMA assistance. There were €668 reported ship's
force man-hours, an average of 17 hours psr JCN. There were 513 reported
IMA man-hours for the 5 JCNs requiring IMA assistance, an average of 103
IMA man-hours per JCN. Ship's force is nhormally capable of replacing
mechanical seals, packing, and shaft sleeves. Howaver, IMAs are sometimes
requested to remachine the worn shaft sleeves.

Five CASREPs were reported for failed mechanical seals and packing of
firepumps during the CASREP data period, accounting for 3,457 downtime
hours due to maintenance, an average of 6921 hours (29 days) per mechanical
seal CASREP. The downtime is not representative of the time required to
make repairs but rather the total elapsed time between failure and repair
completion, which includes '"dead time" between discovery of the problem
and initiation of repairs. Only one CASREP reported downtime houra due to
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, Table 3-3., SUMMARY OF SIGNIFICANT FIREPUMP MAINTENANCE ACTIONS
: H 3
JCNs Man-Houre 3
I Maintenance Action Total Reporting ;
P or Failure Mode JCN8 IMA ship's e
' ’ assistance | Force MA | Total 3
& § Bearing Replacemsnt 16 1 363 72 435 f;
1 Complete Pump Qverhaul 18 2 630 39 669 ;
i ; (Class B) N
R ! E
e Mechanical Seal, Packing, 40 5 668 513 | 1,181 '?
and Shaft Sleeve r.
) Replacement e
Internal Repairs: 97 17 3,214 | 4,324 | 7,538
i » Wearing Rings 1
3 * Rotor Assembly 3
8 . shaft K
2 . + Impaller g
;y + Casing 4
B ‘ Totals 171 25 4,875 | 4,948 | 9,823 ;

5 supply, and the required repair parts were not listed. All of the CASREPs ' p
R listed a ¢-2 severity, indicating minor degradation in system capabiliey. E

PMS requires that the packing and mechanical seals be inspected monthly
for leakage. Depending on the respective MIPs, renewal of machanical seals
is specified as an annual or situational requirement. The apparant random-
ness of fallure indicates that renawal as an on~condition or situational
requirement is appropriate. Otherwise, the PMS appears to be adequate, and
scheduled outside assistance is unwarranted.

sl

‘ Discussions with ship personnal revealed that good mechanical seals L
1 ‘ are very hard to obtaln through the Navy supply system and that they are |
§ therefore being acquired directly from a private source, In addition, the p
3 maintenance time consumed in replacing mechanical seals is aignificantly

A , higher than that consumed in replacing packing. Personnel on one LPH
reported that they wore planning to replace the mechanical seals with pack=
ing on their salt water pumps because of the difficulty and cost associated ¢
with mechanical seal replacement. NAVSSES (Code 023) is currently investi-
gating this problen.

3.2.1.2 Internal Repairs and Bearing Replacements L

: Significant internal repairs included thuse involving wearing rings,
T rotor assembly, shaft, impeller, bearings, and casing of the firepumps.
i Table 3-3 presents the number of JCNs considered to be internal repairs
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and the number of JCNB that were exclusively bearing replacements. The
table lists bearing maintenance actions as a separate category, but for
purposes of continuity the bearings are also discussed under internal
repaire. When the pump is opened for internal repairs, the bearings are
normally replaced, thus acocounting for a portion of the man-hours.

A total of 97 JCNs were classified as significant internal repairs,
representing 57 percent of the significant maintenance actions reported for
the firepumps. IMA assistance was reported for 18 percent of the aignifi-
cant internal repairs, a total of 4,324 IMA man~hours, or an average of 254
IMA man-hours for each JCN reporting IMA amsistance. Ship's force man-hours
accounted for 3,214 hours, an average of 33 hours per internal repair.
Depot-level assistance was rarely reported for internal repairs. Ship's
force, with minimal IMA assistance, is capable of performing all the inter-
nal repair actions with the exception of repairs to pump casings.

Review of MDS narratives and CASREPas ravealed that the most commonly
reported fallure mode was deterioration of internal parts from normal use,
Specific problem areas reported were:

* Deterioration of pump casing in the area of casing wearing rings
* Eroded and corroded impellers

* Excessive wearing ring clearances

¢ Worn bearings

* Scored and bent shafts

Pump casing deterioration in the area of the casing wearing rings and
impeller deterioration are normally caused by a combinaticn of galvanic
corrosion and erosion. Pump-to-driver misalignment caused bearing wear,
with resultant acceleration in wearing ring clearances and possible shaft
damage. Regardless of the fallures, the corrective action requires dis-
mantling the pump end and replacing the falled or deteriorated parts,

As stated earlier, ship's force personnel are normally capable of per-
forming most significant pump internal repairs. IMA assistance is generally
required to perform repairs to pump casings and occasionally to machine
wearing rings, shafts, and impellers.

Maintenance actions related to the firepump ball bearings accounted
for 16 of the 171 significant maintenance actions reported against the
firepumps. Only one of the JCNs requested IMA asgistance. A total of 363
ship's force man-hours wers reported, for an average of 23 man~hours per
JCN., Discussions with ship personnel revealed that ship's force is nor-
mally capable of replacing bearings without outside assistance,

CASREP data showed that 1 CASREP requesting various internal repairs
was gubmitted against a firepump of the LHA-1l Class during the period
1 January 1976 through 22 April 198l1. The LPH-2 Class submitted 14 CASREPs
requesting various internal repairs to the firepumps during the period
1 January 1978 through 22 April 198Bl1. Appendix C presents the CASREP
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summary, including the reasons for the CASREPs, ships that reported CASREPS,
- and downtime hours. Seven snips submitted CASREPs associated with firepump
i“ternal repairs. The average CASREP frequency for internal repaive is
approximately one CASREP every 22 ship operating months for each ship
addressed in this analysis.

Three CASREPs reported a total of 3,154 downtime hours awaiting parts.

: CASREP data revealed that no specific part was ordered repeatedly. There
b wcre 16,859 downtime hours due to maintenance, an average of 1,204 hours

(50 days) per interrnal repair CASREP, attributable primarily to ship's
. force personnel awaiting IMA assistance to complete the repairs. All of
! the CASREPS listed a C-2 severity, indicating a minor degradation of a
- primary mission area., Although there have been CASREPs for firepumps, it ;
. appears that the loas of one firepump did not significantly degrade the i
; FMS. ‘

Under the DART Program (MIL-P-1739D), there is a firepump improvement
program that is applicable to all ships of the United States Navy. The J
principal problems associated with the centrifugal firepumps were identified ¥
by the program as erosion and corrosion of the cast gun=-metal pump casings
and deterioration of the casing wearing rings. As a result of the DART
Program, steps were taken to alleviate these problems by procuring stain-
less steel casings and monel wearing rings and revising the military speci-
fications for future procurement of firepumps. Revisions were mada to the |
following material specifications for manufacturers of galt~water firepumps:

¢+ Stainless 3teel casings and impellers
* Monel casing weariny rings

* Ringless impeilers

*+ Mechanical seals S

Portiona of the DART Program for firepumps have been implemented on
the LHA-1 and LPH-2 Class ships. Shipalt LPH~0428D was developed to modify
the 1,000=-GPM firepumps to accept mechanical seals. As mentioned in
Section 3.2.1.1, ship personnel experience with the mechanical seals has
not been favorable. Monel casing wearing rings and stainless steel impellers v
have apparently been successful in reducing pump casing and impeller problams.
Ship personnel suggested that the casings be changed to stainless steel be-
cause the cast casings currently installed have been corrxoding.

! Applicable maintenance index pages (MIPs), listed in Appendix F, were
‘ reviewed for the electric-motor-driven uand turbine-driven firepumpe. One
of the PMS requirements 1ls performance of an internal firepump inspection
either annually (A) or cyclically (C), depending on the particular MIP.
Because of the uneven utilization of the firepumps, it is not practical to
have a regularly scheduled opening and inspection of all firepumps. Ship
. personnel expressed the cpinion that unless a pump failure is anticipated or
h a problem suspected, opening of a pump is not warranted. Therefore, it is
recommended that the annual (A) or cyclic (C) open-and-inspect PMS require-
ment for the electric-motor-driven and turbine-driven firepumps be changed
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to a situational requirement. For example, if the firepump vibrates excas-
sively, is abnormally noisy, or produces low output, an internal inspection
should be performed.

The data reviewed indicated that most of the failures are a result of
normal wear and tear and that intracycle corrective maintenance actions will
probably be required more frequently on the firepumps that are used most.

3.2,1.3 Complete Pump Overhaul

There were 18 JCNs reported in the MDS narratives requeating complete
or class B pump overhaul. They account for 10.5 percent of the total signi-
ficai.t maintenance actions for the firepumps. Complete overhauls include
disassembling the firepump and renawing all or most internal parts such as
casing and impeller wearing rings, throat bushings, bearings, and shaft
sleeves; repairing the casing; straightening the shaft; balancing the rotor
assembly; reassembling the firepump with new studs and nuts:; and then per=-
forming an operational test.

The MDS narrative data classified as representing firepump overhauls
were not as conasistent as the other maintenance action classifications. Two
JCNs, or 1l percent of the total number of overhaul JCNs, reported 39 IMA
man~hours. There were 630 ship's force man~hours reported: 534 man~hours
for five completed firepump overhauls accomplished by ship's force, averag-
ing 107 man-hours per overhaul, and 96 man-hours for ship's force tasting
of the firepumps. Depending on availability, capability, and facilities,
different maintenance levels were chosen (i.e., designated on the JCN as the
preferred level) to accomplish the firepump overhauls. The depot level was
chosen to do six; ship's force, four; and the IMA, three. None of theae
overhauls were completed as of the end of the data pericd analyszed.

Ship's force personnel reported that they are normally capable of
accomplishing major internal repairs on firepumps, but outside assistance
is usually requested for class B overhauls and casing and impeller repairs.
Ship's force personnel said that they would prefer to overhaul the firepumps
themselves, since past experience with shipyard- and IMA-assisted overhauls
(in their opinion) had not been up to expected standards, but the higher
level of capability and facilities provided by a shipyard or IMA was some«
times needed to complete the required repairs.

A review of recent authorized SARPs shows that approximately 60 percent
of the firepumps have historically received a class B overhaul during regu-
lar ship overhauls at a shipyard == about every five years, MDS and CASREP
data indicated that the most frequently used firepumps also required intra-
cycle major internal repairs as a result of normal wear and tear.

As mentioned earlier, the firepumps receive disproportionate use and,
as a result, do not deteriorate at the same rate with respect to calendar
time. Because of this, routine overhaul of all firepumps during ROH is not
warranted. It is therefore recommended that the determination of whether
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5 a firepump should receive class C repairs or a class B overhaul during ROH
i be based on POT&I or MCA inspection resulta. Operational and vibration

b tests should be performed concurrently with MCA inspection to determine the
extent of needed shipyard repairs.

L A review of repair profiles, EOC task summaries, MDS data, and avall-
able SARPs for the ship classes under study, as well as for other ship

i classes with similar equipment, disclosed an average man-day burden for the
above tasks (class C repairs, class B overhaul), It was determined that
class C repairs for one firepump normally require an average of 18 depot-
level man-days and class B overhaul requires an average of 44 depot-level

- man=-days per firepump. The average man-hours for class C repairs provides

3 for the repair or replacement of any or all of the following: the bearings, |,

wearing rings, casing, shaft, rotor assembly, and impeller. It is expected

that gome installed firepumps will require no repairs or relatively simple )

repairs, while others will regquire more extensive work. A

3.2.1.4 Corrosion

The data reported by LHA=1 and LPH-2 Class ships were reviewed for any
indication of corrosion problems in the FMS, Past analyses on other ship
clagses have shown that corrosion is traditionally a significant problem in 2
pump rooms and machinery rooms. Corrosion is caused by several factors:

a large number of equipments confined in a small area; poor ventilation,

with resulting condensaticn; direct reaction of poorly preserved metal sur-

faces with oxygen in the air; and steam and salt water leakage. Surprisingly, :
ship visits and the available data did not find corrosion of the FMS on the b
LHA-1 and LPH=2 Class ships to be a significant problem. Ship's force per- 4
sonnel expressed the opinion that routine maintenance and preservation of
the equipment should limit the spread of corrosion,

: Although there were no signs of excessive corrosion, it appeared that

3 pump foundations, bedplates, and fasteners were most susceptible to corro-

1 slon due to salt water leakage. In oxder to reduce the number of ship's

. force man-hours devoted to preservation of these areas, it is recommended 1
that NAVSEA~approved corrosion-control techniques be applied to these :
susceptible areas. Wire sprayed aluminum and low- or high-temperature :
sealer or polyamide epoxy coating (whare temperatures permit) are the ap~-
proved coatings for use on machinery foundations and bedplates, and ceramic-
coated fasteners are approved for foundation bolts. Appendix E provides a
detailed description of the applicable corrosion-control techniques.

) 3.2,1.5 Maintenance Strategy ~

The results of this analysis have showr. that the firapumps are likely
to require major corrective maintenance during the operating cycle. The b
most commonly reported failure mode was deterioration of internal parts 1
from normal use. There are many variables to consider in trying to predict
the frequency of internal repairs, e.g , operating error, parts gquality,
3 previous maintenance quality, and rate of usage; therefore, it is impossible




to predict a valid calendar~time-based interval between firepump failures
or maintenance actions.

In 100 percent of the firemain and flushing system CASREP submissions
reviewed, a severity code of C-2 was assigned. C-2 represents minor system
degradation, indicating that the significance of a single firepump failure
is relatively low. This is substantiated by the fact that only two or three
out of eight firepumps are normally required to maintain firemain pressure.
Since redundancy is built into the firemain system and all firepump repairs
are normally within the capability of either ship's force or an IMA, it is
concluded that an on-condition maintenance strategy should be adopted for
firepumpas during the operating cycle.

Since it is impossible to predict a valid calendar-time-based interval
between overhauls that is applicable to all installed firepumps, it is
recommended that the firepumps receive either class C repairs or class B
overhaul, as determined by CSMP, POT&I, or MCA inspection, during future
shipyard ROHs. Operational and vibration tests should be performed con-
currently with MCA inspection to determine ths extent of need.q shipyard
repairs.

Another result of the uneven utilization of the firepumps is the imprac-
ticality of perxforming a regularly scheduled open-and-inspect task in accord-
ance with current, applicable MIPs. Unless a pump failure is anticipated or
a problem suspected, opening of a pump is not warranted. Therefore, it is
recommended that the annual (A) or cyclic (C) open-and-inspect PMS require-
ment for the electric-motor-driven and turbine-driven firepumps be changed
to a situational requirement.

3.2.1.6 Recommendations

It is recommended that the following actioas be taken with respect to
the firepumps installed on the ship classes analyzed:

* Changt periodicity of the inspection of internal parts from annual
(A) or cyclic (C) to situation requirement (R) for the applicable
MIPs listed in Appendix D.

* PFollow PMS in respe~tive MIPs, with the changes recommended by this
analyels.

+ Use an on-condition intracycle maintenance strategy, with ship's
force and IMA repairs or overhauls as reguired for the firepumps.

¢+ Perform class C repairs or clags B overhaul on selected firepumps
during regular ship overhaul on the basis of CSMP, the results of
POTEI, or MCA tests and inspections. 1In addition, develop material
condition assessment standards that will better differentiate
between the need for class B overhaul and class C repairs.

3.2.2 Firepump Motors

The MDS data showed that the maintcnance man-hour burden assoclated
with the AC motors accounted for 15,056 man~hours, or 37 percent of the

3-12




. total man-hour burden for the selected firemain system APLs. A total of
a v 236 JCNs were reported against the AC motor APLs reviewed, and 101 JCNs
: (43 percent of the total) are considered to be significant maintenance
3 ' actions on the AC motors., These JCNs account for 12,183 man~hours, or 81

3 i percent of the total man~hours reported. Table 3-4 summarizes the signifi-

¥ cant maintenance actions for the firepump motors. These are discussed in
) . - the following subsections. Only one JCN (four ship's force man-hours) was k:
' 8 ; reported against LHA-1 Class ships, and it was not considered to be a signif- KL
8 . icant maintenance action. The firepump motors on the LHA-1 Class ships g
ﬁ have not yet contributed any significant maintenance burden; however, they 3
' have not accumulated a significant number of operating hours. R

Table 3-4. SUMMARY OF SIGNIFICANT FIREPUMP MOTOR MAINTENANCE ACTIONS R

JCN8 Man=Hours
% ) Maintenance Action Total Reporting
. i or Fallure Mode JCNs IMA Ship's o
P . Assistance | Force IMA Total &
Balance Rotor Assembly 7 2 196 499 695 ;
Shaft Repairs/Replacements 13 10 553 1,949 2,502 ;j
‘ Bearing Replacements 36 8 1,498 377 | 1,875 ;
Motor Rewind 45 30 1,791 | 5,320 | 7,111 X
: Totals 101 50 4,03¢ | 8,145 | 12,183 S

Note: No JCNs were reported by LHA~l Class ships.

3.2.2.1 Shaft Repair/Replacement

Thirteen JCNs reported that Lhe shaft needed replacement cr repair.
- Ten of those JCNs requested JMA assistance, for a total of 1,949 IMA man-
ﬁ hours, or an averaga of 195 man-hours per JCN. There were 553 ship's force
‘s : man-hours, an average of 43 hours per JCN. Compared with the results of
i ’ similar analyses previously conducted on the firemain and flushing system
K- of other uhip classes, these man-hour figures appear to be very high. 1In

: the most recent analysais conducted on the same types of motors, shaft repair ;
i or replacement required, on the average, 9 ship's force man-hours and 89 IMA T

man-hours per JCN. Either new shafts were bullt or unrepcorted maintenance !

actions were inclucded in the reported man-hours for shaft repair and replace- i
ment. The IMA is capable of rebuilding or straightening the shaft. A i
9 ) ' vibrating motor was the most common reported symptom of the need to replace Fo
qi' or repair (i.e., balance and stralghten) the shaft. During the CASREP data j
L period, only two CASREPE were submitted for damaged sharts, and they were the !
T vesult of wcrn bearings. Both casualties were reporied as C-2 peverity.
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3.2,2.2 Rewinds/Bearing Replacement

R MDS data showed that 45 JCNs were reported for firepump motoxr rewinds,
with a total of 1,791 ship's force man-hours expended, for an average of 40

2 hours per JCN. Sixty~seven percent (30) of the JCNs reported IMA assistance,
X which accounted for 5,320 man-hours, or an average of 177 IMA man-hours
expended each time IMA assistance was reported.

Rewinds are most commonly a result of a moist environment that causes
the motor to short to ground. The ship's force man~hours and IMA man-hours
i are not expended solely on rewinding. When a motor is rewound, it is alaso
2 dipred and baked, and the bearings are replaced (bearings are normally
replaced every time the motor is opensd). Ship's force personnel aboard
the LPH~2 Class ships said that they are capable of rewinding, dipping, and
baking the motors but that, because they are often over-burdened, IMA assist-
ance is Evequently requested. The firepump motors aboard the LHA-1 Class
ships are much larger than those installed on LPH-2 ships, and LHA-l Class
ships do not have the capability of rewinding, dipping, and baking those
motorg.

Seventeen C~2 severity CASREPs reported motors shorted because of insu~ -
lation breakdown in the stator windings or meisture accumulation, requiring t
: rewinds, Appendix C presents the CASREP summary data. Only one CASREP was by
- reported by an LHA-1 Class ship. The average CASREP periodicity for LPH-2
- ' Class ships was calculated by dividing the ship operating years (SOY) during {
the CASREP data periocd (17.89) by the number of CASREPs (16). Thus the l
average CASREP perlodicity for motor rewinds is approximately one CASREP
every 1.1 ship operating years for the LPH-2 Class. T

Three CASREPs reported a total of 5,076 downtime hours attributed to
gsupply. The parts rejuired were not listed in the CASREPa, and thus it was .
not possible to determine if a change should be made in the stocking levels. !

i‘ There were 14,404 downtime hours due to maintenance, corresponding to iy
1 an average of 847 hours (35 days) per grounded-motcr CASREP. The large i '
number of downtime hours highlights the fact that the loss of one firepump 3
motor (and therefore, firepump) 1ls not critical to the mission areas of the
ship.

MDS data showed that 36 JCNB were reported for firepump motor bearing E
replacements, There ware 1,498 ghip's force man-hours expendad, for an g
average of 42 hours per JCN. Twenty=-two percent (8) of the JCNs reported i‘
: IMA assistance, accounting for 377 IMA man-hours, an average of 47 IMA man~ '
g: - hours par JCN.

e

| A review of MbS and CASREP data revealed that worn or failed bearings
}‘ ' were normally reported to be the result of normal wear and tear or an unbal-
' anced rotor assembly.

Fay

) Ship'as force personnel are capable of replacing the bearings; however,
ji they do not have the capability to balance the rotor assembly. IMA aspistance




: is often requested when the rotor assembly requires balancing concurrently
" . with bearing replacement.

Eight CASREPs requiring bearing replacements were submitted against
the LPH-2 Class during the CASREP data perlod. Agailn, no CASREPs were
reported against the LHA~1 Class. The average CASREP periodicity for bear-
ing failures was found to be one CASREP every 2.2 ship operating years for
the LPH-2 Class.,

=

e

There were no downtime hours due to supply, because hearings are
readily avallable., There were 8,208 downtime hours due to maintenance,
B i corresponding to an average of 1,026 houra (43 days) per bearing-repair
9 CASREP. All of the CASREPs listed a C=2 severity, indicating a minor
e : degradation of a primary mission area. As it is for the firepumps, the
i : significance of a single firepump motor failure is relatively low. The
amount of redundancy in the firemain system <ould explain the large amount
. of downtime, tha majority of it being expended waiting for a convenlent
- i time to perform the required maintenance.

_ The occurrencas of motor shorts and bearing failures were determined
l N to be random, Motor shorts are normally caused by unpredictable environ=-
: mental factors, and bearing failures are most commonly a result of normal
wear and tear.

; Applicable MIPs for the ac motors were reviewed. The maintenance

i . requirements specify bearing lubrication at variocus intervals and an aanual
- cleaning and inspection of the ac motors., Existing PMS requirements axe

1 judged to be effective, and they should continue to be accomplished as

; .. scheduled.,

o Tl i i

3.2.2.3 OQverhauls

No JCNs reported specifically required an overhaul of the firepump
. motors; however, review of SARP data indicated that approximately 55 percent
{ of the firepump motors received a class B overhaul during regular shipyard
‘ overhauls, about every five years. Like the firepump, the motors experlenced
unagual use; as a result, it is not practical to routinely perform class B
overhauls on all motors during ROH.

e s e i 2
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Ship's force, assisted as necessary by an IMA, is capable of performing
most significant repairs (rewinds, shaft and bearing replacements/rapairs)
] on the firepump motors on a situational-requivement basis during an operat-
ing cycle. Ship's force personnel concur that the need for firepump motor
repalrs or class B overhauls during future ROHs should be determined on the
basis of POT&I results and C3MP,

A review of repair profiles, EOC task summaries, and available SARPs
i for the ship classes under study, as well as other ship classes with similar
| equipment, disclosed an average historical maintenance burden for class C :
repalrs and class B overhaul. Class B overhauls are estimated to require }

T e e D
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- 27 depot-level man-days; class C repairs, 6 organizational-lavel man-days
and 7 IMA~-level man~days.

ST SRR

3.2.2.4 Maintenance Strategy

——

The analysis has shown that the firepump motors are likely to require bk
some corrective maintenance during an sxtended operating cycle. The usage j
rates of firepump motors, like those of the pump ends, are unequal, and the j
interval at which bearings will fail is somewhat dependent on the rate at
which total cperating hours are accumulated. Motor rewind requirements are
impossible to predict, since they are usually caused by environmental fag-
tors, particularly moilsture, which have little or no correlation with
operating-hour accumulation. The experience of ship's force parsonnel has
shown that a constantly used motor will require rewinding and bearing
replacement about three times during the operating cycle. Even if this is
true, it is still impossible to establish a precise maintenance interval
based on calendar time that will apply to all of the motors. It is thera-
fore concluded that an on-condition maintenance strategy should be adopted
for the firepump motors during the coperating cycle.
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It is further recommended that the need for motor repairs or c¢lass B
overhauls during future ROHs be determined on the basis of POT&I recults
or CSMP.

3.2.2.5 Recommendations

It is recommended that the following actions be taken with respect to
the firepump motors:

* Use an on-condition maintenance strategy for firepump motors.

* Follow PMS as shown on applicable MIPs for the ac motors. No
changes are recommended.

+ Perform class C repairs or class B overhauls of firepump motors,
; as determined to be necessary by POT&I or CSMP, during future
Y ghipyard availabilities,

3.2.3 Firepump Turbinesg

The MDS data showed that the maintenance man-hour burden associated ¢
i with the steam turbines accounted for 5,009 man-hours, or 12 pexrcent of i
i the total man-hour burden reported against the selected firemain and flush- l J
ing system APLs., A total of 164 JCNs were reported against the APL#s

reviewed; 41 JCNs, or 25 percent of the total, are considered to represent B
significant maintenance actions on the steam turbines. Significant main- -
tenance actions account for 2,951 man-hours, or 59 percent of the total ’ ]
; man-hours reported. Although only 31 JCNs and 297 maintenance man-hours '
i ware reported by LHA~1 Class ships, the failures and maintenance actions

reported are similar to those reported by LPH-2 Class ships and are included t T

in all calculations. The smaller number of maintenance actions reported by ;

the LHA-~1 Class was attributed primarily to the fact that the Class is rala- !

tively new and has not accumulated significant operating time. i ]

. 1
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- Digcugsions with LHA~2 personnel revealed that their steam~turbine-

_ driven firepumpa were not nearly as efficient as their motor-driven firepumps,

3 and therefore have been used a total of only 16 hours since the ship's com-

3 missioning. It has been their experience that it requires two turbine-

driven firepumps to maintain the same firemain system pressure that can rou-

tinely be maintained by one motor=-driven firepump. Since the pump ends are

identiocal, logic dictates that the difference must be in some aspect of the

3 ; driver. Ship's force personnel indicated that the cause of this deficiency

N - is unknown but is currently under investigation. During this analysis, 5
review of MDS data did not indicate that any other ship was having this ]

problem. Table 3-5 summarizes the significant maintenance actions identi-

[N

? fied for the turbines. They are discussed in the following subsactions.
: Table 3-5., SUMMARY OF SIGNIFICANT FIREPUMP STEAM
F TURBINE MAINTENANCE ACTIONS
' JCNs Man=Hours
' Maintenance Action Total Reporting
t or Failure Mode JCNs IMA Ship's
Assistance Force IMA Total
] : Speed-Limiting Governor 8 2 186 489 | €75 .
: . Carbon Seals 6 1 157 54 211 _
Y
Prassure Ragulator 8 4 429 140 569
Thrust and Journal 8 1 663 144 807 ‘
: Bearings -
k- Turbine Valves 14 10 182 507 689 )
-y Totals 41 18 1,617 | 1,334 | 2,951 i
h 3

3.2.3.1 Speed-Limiting Governor

A review of the MDS data reported on the firepump steam turbines
: _ revaaled that there were 5 JCNs reporting significant maintenance actions ;
R ' against the speed-limiting governors. Two of these JCNa included IMA assist- ]
ance, totaling 489 IMA man-hours. On the average, 244 IMA hours were '
. expended each time assistance was requested. Reported ship's force man-
3 ; hours totaled 186, an average of 37 man-hours per JCN, for maintenance of
X t the speed-limiting governors during the data period.

: ! According to ship personnel, IMA or technical assistance is routinely

3 . i requested when a goverrnor must be overhauled, because vf inadequate training
. of ship's force personnel, although they are capable of replacing worn or

E 1 broken parts.

-

Applicable PMS MIPs for the steam turbines enumerate various require-
ments, but the majority of the MIPs specify a weekly lubrication and a

-& - ‘
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i monthly test of the speed-limiting governor. If any erratic operation, such
$4 as overspeeding of the turbine, is noticed, the speed-limiting governor

A should be examined further. Raview of available SARPs showed that the speed-

5 limiting governors were normally overhauled, together with the associated
: turbine, during ROH, No CASREPs were reported against the speed~limiting
i governcrs, On the basis of that fact and the low number of JCNs reported,

- 4t ie concluded that the PMS requirementes for the spead-~limiting govarnoxs

are sufficient, and no changes are recommended.

% 3.2.3.2 Carbon Seals

The MDS data showaed 6 maintenance actions (JCNa) reported against the
carbon seals on the steam turbines. One of the JCNs requested IMA assistance,
‘ for a total resgquirement of 54 IMA man-hours. There ware 157 ship's force
- man=hours reported, for an average of 26 man-hours per JCN. These data
L show that the man-hour burden for carbon seal maintenance has been low.
wWhen carbon ssals wear out and start leaking, they must be replaced. Ship's
force is normally capable of replacing carbon seals without outside assist-
ande. No CASREPs were reported against the steam turbine carbon seals.

The applicable PMS requiremants for the steam turbines specify that the
internal parts be inspected cyclically, usually about every five years.
This requirement is judged to be prudent and should be continued.

' 3.2.3.3 Pressure Regqulator

A review of MDS data reported on the steam turbines showed 8 signif-

lcant maintenance actions (JCNs) reported for pressure regulator malfunc- )

: tiors. Four, or 50 percent, of the JCN# regquested IMA assistance, totaling

140 IMA man-hours. An average 35 IMA man-hours were axpended aach time

3 assistance was requested., There were 429 ship's force man-hours expended i

A on the pressure regulators ~-- an average of 54 hours per significant main- I ]
tenance action. -

The principal failure modes roported for the pressure regulators were }

b excessive oycling, leaking at the gaskets, and worn internal parts. Ship's [ ;

force personnel indicated that they were capable of performing the majority '
of repairs needed, but IMA assistance was routinely requested when the prea=-
sure regulator required overhauling or the pressure gauges had to be cali-
4 brated. The outside assistance was reguested for pressurs regulator over-
haul because any machining or rebuilding of the pressure ragulator internal
surfaces requires not only skilled personnel but precise knowledge of the
original dimensione as well. Review of past SARPs revealed that the pres-
sure regulator is normally overhauled during ROH.

s s

PM8 specifies an annual cleaning and inspection of the pressure ragu-
lator. This work should also be accomplished during the intracycle if the
4 regulator fails to maintain automatic control of the equipment.

] There were no CASREPs reported agailnst the pressure regulator. On the
bagis of tho absence of CASREPs and the low number c¢f JCNs reported, it is
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concluded that the PMS requirements for the presgure regulator are suffi-
client, and no changes are recommended.

3.2.3.4 Bearings

Eight JCNs were reported for maintenance of the thrust and journal
bearings on the steam turbines. Only one of the JCNs requested IMA assist-
ance for other repairs needed as a result of worn bearings. There were
663 ship's force man-hours, an average of 83 hours per JCN reported against
the bearings. The man~houra are significantly higher than similar calcula-
tions made on other ship classes with like eguipment (i.e., 83 versus 26
ship's force man-hours per JCN). It appears that other maintenance was
included in the JCNs reporting journal and thrust bearing replacement.

Therefore, the 26~hour average repair time per JCN is considered to be more
appropriate,

The failure modes reported for the steam turbine bearings are the same
as those reported for the firepump bearings and motor bearings. The bear=
ings become worn beyond allowable clearances and must be replaced. The
symptom of worn bearings is commonly excesasive shaft vibration or change in
the position of the rotor. If the lube oil overheats, the bearings should
be examined for evidence of wiping. Ship's force is capable of making the
bearing repairs, but IMA assistance is sometimes requested when msome subse-
quent and more serious damage occurs as a result of worn bhearings. For
example, IMA agsistance was requested when the turbine casing needed machin-
ing, the rotor needed halancing, or the shaft needed aligning.

No CASREPs were reported for steam turbine thrust or journal bearing
failures.,

The PMS requirements concerning the bearings on steam turbines include
an annual inspection of the shaft journal bearings, bearing oil slingers,
bearing oil seals, and thrust ball bearings; a cyclic internal inspectioni
and a routine task to sample and inspect the lube oil for cleanliness. As
a result of the low nunber of JCNs and absence of CASREPs, it is concluded
that the existing PMS requirements are sufficient and should be continued.

3,2.2,5 gteam Turbine Valves

A review of the MDS data reported on the steam turbines revealed that
there were 14 JCNs reporting significant maintenance actions against the
combination exhaust/relief valves, steam admission valves, or governvr
valves., Ten of tha JCNs, or 71 percent, requested IMA assistance. There
were 507 IMA man-hours expended on the valves, for an average of 51 IMA
man-hours per JCN requesting assistance. There were 182 reported ship's
force man-hours, or an average of 13 man-hours per JCN, for valve repairs.

The two principal failure modes were deterioration and leakage of the
steam turbine valves, The MDS data revealed that IMAs perform the majority
of valve repairs and replacements. Ship's force man-hours were accumulated

through performance of routine tests and insgpections and minor repairs to
the valves.
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Three C-2 CASREPm were prepared on the combination exhaust/relief
valvas on the steam turbines. Two of the CASREPs had not been CASCORED
(completed) and therefore had no reported supply or maintenance downtime
hours. The third CASREP indicated 320 hours (13 days) of downtime due to
supply, and a total of 3,164 hours (132 days) due to maintenance. However,
the maintenance hours reported also included additional work on the governor
valve stem and are probably an indication that the maintenance was not
promptly performed hecause the failure did not have a major adverse sffect

on the systam.

PMS faor steam turbines specifies a guarterly test on the combination
exhaust/relief valve, and SARP analysis determined that a&ll of the valves
are normally overhauled during ROH,

Review of MDS data and CASREPs led to the conclusion that failures
have occurrad and will continue to ocour randomly and infreguently. As a
result, the prediction of a particular interval at which scheduled steam
turbine valve maintenance should be performed is not feasible, and an on-
condition maintenance gtratagy is recommended. 1In view of the small number
of maintenance actions, it is also concluded that the existing PMS is suf-
ficlent, and no changes are recommended.

3.2.3.6 Maintenance Strategy

The results of this analysis have shown that the firepump steam tur-
bines have been subjected to few major corrective maintenance actions during
the operating cycle. Intracycle maintenance actions, when required, were
accomplished primarily by ship's force, with some IMA assistance as necessary.

The review of available SARPs indicated that approximately 90 percent
of the firepump turbines (including presasure regulator) aboard the LPH-2
Class ships were routinely overhauled during ROH. The two SARPe available
for the LHA~1 Class ships indicated that only 50 percent of their firepump
turbines were overhauled (as mantioned in Section 3.2.3, the turbine-driven
firepumps aboard the LHA-2 are rarely used). There was no evidence to sug-
gest that the firepump steam turbines should routinely receive class B
overhaul during ROHs. It is therefore recommended that the need for fire-
pump turbine repairs or class B overhaul during ROH be determined on the
basis of POT&I results, CSMP, or MCA inapection. When either class C repairs
or class B overhaul of the turbine are determined to be necessary during an
ROH, it is recommended that the work be accomplished by an industrial activ-
ity because of its special facilities and more experiencad personnel.
Routine operating cycle repairs can novmally be accomplished by ship's force
personnel with occasional IMA assistance. In addition, removal of the entire
turbine assembly, including bedplate, to an industrial repair shop when
clags B overhaul is required permits a thorough inspection of the turbine
and facilitates ship's force preservation of the foundation and gurrounding
area. From the review of SARPs and repair profiles, it is estimatad that,
on the average, 76 depot-level man-days urc needed for a class B overhaul of
a firepump turbine. Class C repairs are estimated to regquire approximately
13 depot-level man-days and 3 organizational=level man~days.
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Historical data indicate that if existing PMS requirements are adhered
to, the turbine should operate satisfactorily during the period from ROH to
ROH, with only minor corrective maintenance actions. Therefore, an on-
conditior maintenance strategy is recommended for the firepump turbines.

3.2.3,7 Recommendations

It is recommended that the following actions be taken with respect to
the firaspump turbines:

* Adopt an on=-condition intracycle maintenance strategy for the
firepump turbines.

* Pexrform class B overhaul or class C rapaixr of the steam turbines
and pressure regulator during regular ship overhaul as determined
to be neceasary by POT&I, CSMP, or MCA inspection.

3.2.4 Valves

The MDS data revealed a maintenance burden of 16,290 man-hours asac-
ciated with the firemain system valves, representing 28 percent of the total
man-hour burden reported against the selected firemain system APLs. There
were J,250 JCNs raeported against the firemain valves.

There ware 8,831 ship's force man-hours reported, or approximately 7.0
ship's force man-hours per JCN; there were 7,45C IMA man-hours raported
against various valve APLs. Because of the large number of JONs&, IMA actions
were not geparately identified., Two major failure modes and maintenance
actions associated with all of the valves were identified: a deterioration
of the valves from the circulation of salt water throughout the firemain
system, and valvae lecakage attributed to normal deterioration. Ship's force,
with some IMA aseistance, is capable of performing the necessaxy intracycle
maintenance actions on valves, mince both ship's force and IMA personnal are
capable of repairing or replacing most of the valves in the firemain system.
During ROH, the firewain system is routinely drained and flushed and the
valves are overhauled by the shipyard. The only valve repairs that are nor-
mally deferred are those related to sea suction valves. It is difficult to
rapair the sea suction valves while the ship is in the water, and so when
possible, the repairs are deferred until the ship is in drydock.

8ix CASREPs were prepared against firemain system valves during the
CASREP data period. One CASREP reported downtime hours due to supply. A
total of 4,421 downtime hours due to maintenance were reported by 5 of tha 6
CASREPs. One CASREP for the LPH-=2 Class reported no downtime hours, becausa
it had not yet been CASCORED. Because of the cross-connecting capabilities
within the FMS, loss of a single valve is not normally eignificant. All of
the CASREPs were reported at the C-2 meverity level.

Valve repairs or replacements were the most frequent maintenance
actione; there were approximately 20 actions per ship per operating year
for both ship classes. The man-hour average varied, as 1t did for the
other major components. The average ship's force man-hours devoted to FMS
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valve repairse per ship operating year were 84 and 166 for the LHA-1 Class ! j‘-
and LPH-2 Class, respactively. The average IMA man-~hours per ship per Uy
operating year were 104 and 140 for the LHA-1 Class and LPH-2 Class, 3
respectively. l't

Ship's force perscnnel aboard the LPH~7 reported that they are planning :
to change all of the butterfly valves to gate valves where appropriate in .
the firemain system. Some of the buttarfly valves have already been changed i
to gute valves and according to ship's force personnel, have proven to repre- b
sent a smaller maintenance burden. 1In addition, the ship reported that good
boots for the butterfly valves have been difficult to obtain through the ’
Navy supply system.

ability problem in the firemain system is the hydraulic valve actuators.
Some of the valves of the FMS are installed upside down (i.e., the hydraulie
actuator is underncath the valve). If the valve develops a leak, the salt .
water drips down on the actuator and corrosion results. A solution to the !
problem would be to rotate the actuator so that it was not vertically below L.
the valve. Unfortunately, this might not be possible in some cases, because

the location of the piping around the valve could prohibit any adjustment of T
position of the valve and actuator., It is recommended that the cognizant {
technical code analyze this problem and determine the appropriate solution.

Personnel aboard the LHA-2 reported that the most significant maintain- [

P

3.2.4.1 Maintenance Strategy ‘ y

It is recommended that an on-condition maintenance strategy be contin- \
ued for the firemain system valves. Ship's force and IMA personnel atre i )*

- normally capable of making firemain system valve repairs; however, depot -
k assistance is usually requested when a sea suction valve must be replaced. F
g Review of available SARPs ghowed that the firemain system is routinely I

3 chemically flughed and selected valves are normally overhauled during ROH : ]

} by the industrial activity. From the SARP review and historical repair

‘ profile, it is estimated that, on the average, 33% man-days per ship are A\
normally expended during ROH in repair and overhaul of FMS valves. Calcula- . ];
{% tions baged on the IMA maintenance burden for the FMS valves and piping

i : from Table 3~2 ghow that approximately 112 IMA man~hours per ship operating :
ywar are typically required to support FMS maintenance. This conforms i T}
closely to previous IMA estimates developed as part of the EOC summary, i.e. i
b 120 man-hours of IMA support per year. The on-condition maintenance strateqy, 3
# accomplishment of existing PMS, the provision of approximately 112 IMA man- RN
hours per year, and the continuation of depot flushing of the firemain syutem ) ]
: and overhaul of selected valves during ROH should adeguately maintain the '
il system,

! ¢ 3.2,4.2 Recommendations by

- It is recommended that the following actions be taken with respect to ¥
; the firemain and flushing system valves:

1 * Continue an on-condition maintenance strategy for the FMS valves. : Qu
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+ Have the cognizant NAVSEA technical code investigate the reported
problem of improperly positioned hydraulic valve actuators, leading
to actuator corrosion problems.

3.3 COUNTERMEASURE WASHDOWN SYSTEM (WDS)

MDS, CASREP, and SARP data for the LHA-]l and LPH-2 Classes were reviewad, -’
and it was determined that the washdown aystem did not represent a signifi- ;
cant maintenance burden to the ships involved in this analysis. No CASREPs '
ware raported against the WDS, and the most common maintenance actions
reported in the MDS data were repair or replacement of valves and piping.

Ship's force with occasional IMA asaistance is capable of accomplishing all k.
of the maintenance actions required for the washdown system. '§

Discussions with ship personnel revealed that deterioration and corro=
sion of the steel piping exposed to weather is prevalent. It is recommended
that NAVSEA-approved wire sprayed aluminum (WSA) coating or polyamide epoXy
coating (MIL=P=24441) be applied to the piping. The pipe hangers can also
be treated with thess coatings. It is recommended that the fasteners be N,
created with ceramic coating (MIL~C=Bl751) or replaced with CRES fasteners. E
Appendix F contains recommended, approved corrosion=-control techniques.,

Applicable PMS MIPs require monthly or quarterly cleaning, inspection,
and testing of the control valves and washdown system. On the bagis of the
small number of repairs, it is concluded that the PMS requirements for the
countermeasure washdown system are suftficient, and no changes are recommended.

An on-~condition maintenance strategy is recommended for the washdown
system. The equipment in the washdown system, such as valves, pipingy, fit-
tings, and spray nozzles, will require some maintenance during the operating )
cycle as a result of normal wear and tear, However, on such'a large system, !

with many different pleces of equipment, it is impossible to establish pre-
cise maintenance intervals for specific components.

P T

Neither the results of ship viaits nor review of MDS data give any 3
indication that the washdown system is likely to be the source of & aignif- )
icant maintenance burden. The few repairs that will be required can be ;
readily accomplished by ship's force personnel with occasional IMA asglstance.
Adharence to existing PMS procedures and application of an on-condition main-
tenance strategy should adequately support the washdown system during the
operating cycle, Any industrial repairs during ROH should be identified on
the basias of POT&I results or CSMP. The routine authorization of washdown
system repalrs during ROH i3 not warranted and is not recommended,
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i CHAPTER FOUR

. CONCLUSIONS AND RECOMMENDATIONS

p 4.1 CONCLUSIONS
The following conclusions resulted from this analysis:

; * Most repairs to the equipments of the firemain, flushing, and
s washdown systuem can be accomplished by ship's force personnel
with occasional IMA assistance.

* Unequal use of the firepumps and their drivers is relavant to the
maintenance burden associated with individual firepumps.

+ ship's force and IMAs are capable of acocomplishing most major
repairs to the firepumps, motoras, and steam turbines. Depot-
level assistance is normally requested for turbines when a clasgs
B overhaul is required, because of the depot's special facilities
and more experienced personnel,

* Time-directed class B overhaul of the firepumps and drivers during
regular shipyard overhaul is not a practical maintenance stratagy.

* Either class C repairs or class B overhaul should be performed on
the firepumps, motors, and steam turbines during ROH, as determined
to be necessary by POT&I results, CSMP, or MCA inspection.

* An on~condition maintenance strategy is most appropriate for the
firepumps and their drivers.

¢ A change in the periodicity of the annual or cyclic PMS operi~and=
inspect task to a situational requirement for the firepumps would
be advantageous.

* With only minor changes, the PMS reguiremcnts for the firemain,
flushing, and washdown system are adequate.

4.2 RECOMMENDATIONS

Recommendations for corrective and restorative maintenance require-
ments that are to be accomplished by depots or IMAs are summarized in Table
4-1. These recommended tasks are based on the findings and conclusions of
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this analysis and represent best engineerinyg judgment. Comparisons may
therefore differ in some respects with historical experience. The reacom=~
mended maintenance requirements should be incorporated in the LHA-1 Class

: and LPH-2 Class CMPs. The types of maintenance tasks are categorized as
\ . follows:

T

) * E Tasks ~ Engineered work iteme that should be carefully considered

. for accomplishment at the proposed frequency to enable the ship to

. fulfill its mission. The tasks result from either a long history
of experience in system operation or a System Engineerin; Analysis.
The E tasks are generally limited tg the ship's critical systems.

TR T T R T T

* R Tasks - Routine work items accomplished whenevar the opportunity
is presented (such as drydock work) or work performed repaetitively

to support industrial work such as staging, temporary serxvices, and
tachnical support,

* M Tasks -« Mandatory work items accomplished to comply with NAVSEA
and Type Comnénder in<tructions,

* I Tasxs = Inspections performed to comply with NAVSEA or Type Con-
v mander Ingtructions,

* 7T Tasks -+ Tests 'or inspectionsg performed durinyg one maintenance
avallabllity in order to define maintenance reguirements to bhe
performed during a subsequent availability. T tasks may also
include zertain tests/inspections to be performed during the
operational perlod prior to the start of a schaduled maintenance
availability.

+ @ lasks « Qualified estimates consisting of all maintenance actions .
to be performed on conditiosn., These estimates represont a reuerva- ’ bl
tion fur manpower ard generally are related to the accomplishment
of correstive maintenance.

—— T e

Ry

Sk

=Rt

i S e

, Other improvemente to the firemain system equipments are categorized
3 ag follows:

v Design Improvements

*+ Recomnmended shipalts, ordalts, and field changes
++ Recommended equipment redesiyn or replacement
* Maintenance Strategy Improvements
| *»+ PMS changes
*+  Policy
«  Supwort Improvements
v+ ILS improvements
i +¢  Maintenance~capability improvemerts
¢ Other

These recommended improvemants are summarized in Table 4-~2,

amm
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1
b Table 4=2. RFCOMMENDED IMPROVEMENTS
. Refarence
) Component Number Recommendation Section
'? Maintenance Strategy Improvements - PMS Changeas
: p :
- Firepumpe 1 Change periodicity of the 3,2.1,2 [
Lﬁ inspaction ~¢ internal A
M parts from an annual (A) .
H or cyclic (C) to a1 situa~ [
,i? tional regu.rement (R) 1~‘:
b for the applicable MIPa !
" listed in Appendix D. E b
1&' ' Maintenance Strategy Improvements = Policy )
-3
: Fizapumps 2 Adopt =n on-condition 3.2.1.%
AB : maintenance gtrateygy for
.§; the flrepumps.,
1}0 Firepump Moxors 3 Adopt an on-condition 3.2.2.4
- : maintenance strategy for
H the firepunp motors. !
. . b
i Firepump Steam 4 Adopt an on-condition 3.2,3.6 -
El Turbines maintenance strategy '
i for the firepump steam
o turbines.
‘; FM& Valves ] Continue an on-condition 3.2.4.1
[ maintenance strategy for
. i_ FMS valves.
k)
- ?i
g
B!
B
bR
f. d4=-4
B
3
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APPENDIX A

SYSTEM BOUNDARIES FOR FIREMAIN, FLUSHING, AND
WASHDOWN SYSTEM

Thls appendix defines the system boundaries of the firemain, flushing,
and wvashdown system. Data for the firemain and flushing system are listed

under SWABs 521-1 and 521-2. Data for the washdown system are listsd under
SWAB 523-1.

S8WAB 521-1 includes authorized work for:
Firemain from the firepump discharga flange to firemain system throughout
the ahip, from firemain cutovt valve to flushing pressure reducing station

to flushing system throughout ship to end usage, SWAB 521-1 alsc includes
piping and valves from inboard flange of sea valve to pump suction f£lanye.

Assoclated Equipment:

Decontaiination Hope rarks
Bductor supply Operating gear
Fire plugs Piping

Gauges Strainers
Hangers Traps

Hose *Yalves

Sound isolation joints
Actevisks (*) identify equipments addressed in this ana'yeis.
SWADB 521-2 includes authorized work tfor:
'furbine-driven firepnmps, motor-driven firepumps, multiple-use pups for
firemain and flushing duties and all components betwaen Zirst flange of

auction lines and first flange of discharge lines.

Assnooliated Equipment:

Controllers (elasctrical)
*Couplinys
*Governors (mechanical) (hydraulic)

Prewsurc gauges
Resilient mounts
Suction gauges

Label plates Switches
L'the 0il system Thermomeiers
*Motors *Turbines

Operating instructions *Turbine gteam valves

Asterisks (*) identiiy equipments addressed in this analysis.

A-1
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SWAB 523~1 includes authorized work for:

Countermeagure washdown system from firemain root cutout valves, with all
valves, piping, fittings and associated components, to the spray nozgles.
Provides for repair and ‘esting.

Associated Equipment:

Drains Spray heads
Fittings Strainers
Hangexrr Switches

\ Nozzles Valves

{ Oparating

. Piping
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APPENDIX B
.% ( INSTALLATION CONFIGURATION OF FIREMAIN AND
\[} b FLUSHING SYSTEM FOR LHA-1 AND LPH-2 CLASS SHIPS

The firemain and flushing system discussed in this report is composed
. | principally of the components listed in Table B-), The table provides
detailed information on the individual component nomenclature, APL numbar,
i hull applicability, and number of components installed on each hull,

e L R O i A 50 G W Y e £ S i i e Wittt N ea b i
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Table B-1, COMPONENTS OF THE FIREMAIN AND FLUSHING SYSTEM FOR !
LHA-1 AND LPH-2 CLASSES ;
,
Quantity by Hull '
(As Lieted in APL) APL/CID o fo | m o [ Y715 le E =l
AHHHBSHHEHE
PUMP CTFGL, l000GPM | 016020537 2 |2
PUMP CTFGL, 1000GPM | 016020842 8
PUMP CTFGL, 1000GPM | 016020956 8
PUMP CTFGL, 1000GPM | 016021444 2
PUMP CTFGL, 2000GPM | 0160323468 | 8 8 |8 [ 8 [ 8 E
PUMP CTFGL, 1000GPM | 016110105 6
PUMP CTFGL, 1000GPM | 016110259 4 ]
PUMP CTFGL, 1000GPM | 016110474 8 ]
PUMP CTFGL, 1000GPM | 016110502 4 ;
PUMP CTFGL, 1000GPM 016110600 6 ;
PUMP CTFGL, 1000GPM | 016150937 6
TURBINE 5TM 057950071 2 [2]2]2 ]
TURBINE STM 057950104 2
TURBINE STM 057950139 2
TURBINE STM 057950140 2
TURBINE STM 0579501858 | 4 | 4 | 4 | 4 | 4 A
MOTOR AC 30UHP 1740313588 | 2 | 2 2 =
MOTOR AC 300HP 1749313598 | 2 | 2 | 2 | 2 | 2 :
MOTOR AC 1258p | 174180119 6 ?
MOTOR AC 125IIP 174750687 a |6 :
MOTOR AC 125HP “irars1787 1 5 | 6 ;
MOTOR AC L25HP 174752576 1 j
MOTOR AC 125HP 174754111 1 !
MOTOR AC L25HP 174802584 5 )
MOTOR AC 125HP 175503576 6 ]
FLEXIBLE COUPLING 7602000618 | 4 | 4 | 4 4 |
FLEXIBLE COUPLING 7802000638 | 4 | 4 a 1
FLEXIBLE COUPLING 782350006 8 |8 |28 |8 i
FLEXIBLE COUPLING 782540246 8 1
FLEXIBLE COUPLING 782350254 8 ?
FLEXIBLE COUPLING 782650011 6 {
1
4
B-3 .
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APPENDIX C

SUMMARY OF CASREP INFORMATION FOR
FIREMAIN AND FLUSHING SYSTEM

The 68 CASREPs reported by the LHA=-1 and LPH=2 Class ships were
grouped into the five general categories of firepumps, ac motors, steam
turbines, valves, and miscellaneous or unknown, and into the appropriate
subgroup within each group on the basls of the initial cause reported for
each CASREP. This information ise presanted in Table C=1. The table also

shows the total number of CASREPS submitted for each differsant component

for each initial cause, together with the total number of CASREP downtime
man-hours due to supply and maintenancae.
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i APPENDIX D

(B D A

| APPLICABLE MAINTENANCE INDEX PAGES

TETNRTTIT U

The following maintenance index pages (MIPg) were reviewed for this

analysis:

L A~604/P1-30 Fliremain System
L , A-604/P2-87 Firemain System
h ! E~5/54~91 Main Circulating Pump TD
¥ T E~-17/326~89 Electric Driven Salt Water Pump
L , ¥-28/160~25 Electric Driven Fire Pump
b ; E-28/212-21 Electric Driven Fire Pump
: E-28/218-B8 Electric Driven Fire Pump
5 E-28/220-83 Electric Driven Fire Pump
3 ' : E-28/240-87 Electric Driven Fire Pump
‘ ! E-28/249-21 Electric Driven PFire Pump
. E-28/254-83 Electric Driven Fire Pump
f E-28/303-20 Electric Driven Fire Pump
v : E=28/308-87 Electric Driven Pire Pump
: E-28/336-C9 Electric Driven Fire Pump

E-37/55-90 Turbine Driven Fire Pump

E-~37/62-A9 Turbine Driven Fire Pump

E~37/64-A9 Turbine Driven Fire Pump

E~37/72-90 Turbine Driven Fire Pump !
: EL-4/28-67 AC and DC Motors ;
S A=616/2-83 Water Washdown System 1
' A-616/1=91 Water Washdown System ;

1
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APPENDIX E

CORROSION-CONTROL TECHNIQUES

Table E-1 presents the recommended work (SARP) statements for applying
NAVSEA-approved corrosilon-control techniques. Table E~2 presents specific
guldance items for applying the corrosion-control techniques to common com-
ponents within the firemain and flushing system (SWABs 521~] and 521-2),
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Table E-~2, CORROSION-CONTROL GUIDANCE ITEMS

Item
Number

Equipment

Guidance

Machinery Foundations
and Bedplates

When a new foundation or hedplate is
installed or a hnedplate is removed
as part of machinery overhaul, or a
foundation is located topside,
abragive=blast the foundation and
mating structure surface to white
metal (SSPC-SP5), and then apply
7-10 mils of WSA low-temperature
sealer (MIL=-P-23377) and two-coat
polyamide epoxy (MIL~P=24441)
system. For machinery foundations
and bedplates located in machinery
spacaes and subjected o temperatures
above 175°F, use WSA with high-
temperature sealer (DOD-P-24555).
Use fasteners treated with ceramic
coatings or use improved fastenaers.

Piping and Hangers

In areas exposad to the weather and
in machinery spaces (where piping
ir replaced) abrasive=blast ferrous
piping and pipe hangers/brackets to
white metal (SSPC-SPS5) and apply
7=10 mils of WSA, low- or high-
temparature sealer (depending on
operating temperature). and poly~-
amide epoxy coating (MIL-p=-24441).
If piping is not replaced, apply
three-coat polyamide epoxy system
(MIL-P-24441). Treat fasteners
with ceramic coating (MIL-C-81751)
or uge CRES fasteners.

w

Valves

Abrasive~blast valve exterior to
white metal (SSPC-SP5) and apply

7-10 mils of WSA, low- or highe
temperature sealer (depending on
operating temperature of f£luid or

if steam valve), and polyamide epoxy
coating (MIL-P=24441)., Technical
Marual NAVLEA 86435-AE-MMA-010/W,
Sprayed CITT, External Preservation

of Steam Valves Using Wire Sprayed
Aluminum Coatings, provides detailed
guidunce. Upqrade/treat fasteners
with ceramic coating (MIL-C-81751) or
replace with CRES fasteners and apply
polysulfide sealant (MIL-S5-81733).
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v 4 APPENDIX F
1 .

SOURCES OF INFORMATION

The specific sources of information used in this analysis are as
follows:

.
'
b
2
i
)i

1. Generation IV MDS narrative and part data for the LHA-1 and
LPH-2 Class ships for the periods 1 May 1976 through 30 June K
1981 and 1 January 1971 through 31 March 1981, respectively. '

2. CASREPs for the same ships for the periods 1 January 1976 ' y

‘ 1 through 22 April 1981 and 1 Jaauary 1978 through 22 April 1981, b
! ' respectively,

) : 3. Maintenance index pages (MIPn) listed in Appendix D, and corre-'
I sponding maintenance requirement cards \MRCa) for the firemain
and flushing system.
4, NAVSHIF Technical Manuals:

i *  347-3242, warren Turbine- and Motor-Driven 500 GPM Filrepumps
E ! ¢ 347-3913, bDuplex water System

¢ 347-3914, Water-rurbine-Driven Gasollie Pump

¢+ 0947-031-9000, Type 1 Manual, Centrifugal bump for TDS
Liguid Cooling

*  347-3911.2, Air Conditioning Sea Water Clrculating Pump (T.D.)
*  347-3911, Firepump, Motor=- and Turbine-Driven
* 347-3239, 1000 GPM Firspump, Electric¢-Motor-nriven
i * 347-1677, Emergency Fead and B'lge Pumys
| v 347-1706, 100 GPM and 250 GPM Firepumps (Worthington) |
I *  0947-0999-7010, Type ! Equipment Manual for 1000 GPM Firovpump
¢ 0947-222-6010, Type 1 Firenump Type 5 x 6 ASLD

!
347-4365, warren Motor- and Turbine=Driven 1000 GPM Firepumps 1
0947-079-4010, Motor~ and Turbine-Driven 1000 GPM Firepumps ]
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» 347=3440, Aurora 1000 GPM Firepump, Motor-Driven
¢+ 347-4268, Auxiliary Machinery Cooling Water Pump

+  0947-220-6010, Installation, Operation, Malntenance, and
Repair Instructions with Parts List (wWwarren)

* 0947-223-2010, Installation, Operation, Maintenance, and
Repalr Instructions with Parts List (wWarren)

* 0947-195-4010, Type 1 Equipment Manual for Firepumps

*  (0947-174-0010, Pump, Fire, Jet Blast Deflector Cooling Service

Type on Model 5 mm x 5

¢ 0947-132-7010, Type 1 Combined Manual for 1000 GPM Firepump

Motor- and Turbine~Driven

¢ 0347-318-4003, wWwarren Turbine- and Motor-Driven 500 GPM
Pirepumps

+ 0347-334-1000, Aurora Electric Motor and Steam~Turbine-Driven

Flrepumps
Ship Alteration and Repair Packagea (SARPs):

* LPH~2 dated 6/8/82

* LPH-3 dated 3/11/82

* LPH~7 dated 10/31/80

* LPH-9 dated 8/18/80

* LPH-10 dated 1/9/81

* LPH-1l dated 10/23/81

+ LPH-12 dated 5/15/81

* LHA-1 dated FY 78 RAV

* LHA-2 dated 6/13/83 (CNH)
* LHA-1 dated FY H1 (COH)
+ LHA-3 dated 1/15/82 SRA
* LHA-2 dated 7/3/81 SRA

Ship Alteration Information Manuals for LHA-1 and LPH-2 Clasgs
Ships.

COMNAVSURFLANT and COMNAVSURFPAC Type Commander's Coordinated
Shipboard Allowance Lists (COSALs), dated July 1981 and June
1681, respectively.

COMNAVSURFLANTINST 9000.1, NAVSURFLANT Maintenance Manual,
12 June 1975, chrough change 5, dated 27 February 1978,
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9.
10,
lll

12-

13.

14.

15.
16.
17.
18.

19,
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CUMNAVSURFPPACINST 4700.1, COMNAVSURFPAC Ship and (raft Material
Maintenance Manual, Volume I, 6 June 1975,

OPNAVINST 4790.4, Material Maintenance Management (3-M) Manual,
" Vulumes I, II, ana IXI) June 1973,

FF-1050 lass Firemaln System Review of Experience, SMA 203-521,
November %877, ARINC Research Publication 1652-30-3~1678.

DDG-37 Class Firemain &nd Auxiliary Machinery Cooling Water
Systems Review of Expurlence, SMA 37-201~521, February 1978,
ARINC Research Publicaiion 1652-03-10=1715.

Co~16 and CG=26 Class Auxiidsry Systems Review of Fxparience,
SMA 1626-500, September 197¢, ARINC Research Publication
1671-04~-2=-2051.

£ystem Engineering Analysis of Firemain of Flushing System
Iﬁ!t&lled on AD-14; AD"371 AFS"‘].' A°-177; AOE"]-I AOR-ll AR-'S,
AS-ll, AS~19, AS-31; AS~-33, and AS-36 Class Ships.

Comaon clusleOnfiguration Lists (CCCL) for LHA~1 and LPH=2.

ship Worxz Authorizaticen Boundaries (SWAPs) for Surface Shipa,
March 1981, ’

Clar: Maintenance Plans (CMPs) for FP-1052, DDG-37, CG-16, CG=26,
and LHA-1 Class ships.

®uepalr Profile for LPH-I Class ghips.

legults of ARINC Rasearch Corporation visits to LPH-7 (USS
SUADALCANAL) and LPH-12 (USS INCHON) on 20-21 April 1982.

Results of ARINC Research Uorxporation visit to LHA-2 (USS SAIPAN)
on 4 June 1982,
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